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Abstract
Background: Recently, the number of patients diagnosed with gastroesophageal reflux disease (GERD) has increased
in Korea. Risk factors of GERD include age, sex, medication use, lack of physical exercise, increased psychological stress,
low or high body mass index (BMI), unhealthy eating habits, increased alcohol consumption, and cigarette smoking.
However, few studies examined the major factors affecting GERD in women of childbearing age. Therefore, this study
assessed the risk factors of GERD among 20,613 female nurses of reproductive age using data from the Korea Nurses’
Health Study.
Methods: Participants were recruited from July 2013 to November 2014. They provided their history of GERD 1 year
prior to data collection, along with information on their demographic characteristics, health-related behaviors, diet,
medical history, and physical and psychological factors. Of the total sample, 1184 individuals with GERD diagnosed in
the year prior to the study were identified. Propensity score matching was used for analysis.
Results: Cigarette smoking, increased alcohol consumption, low or high BMI, depression, and increased psychosocial
stress were associated with the prevalence of GERD among Korean young women. Multivariate ordinal logistic regression
analysis revealed significant positive relationships between GERD and being a former smoker; having a low (< 18.5 kg/m2)
or high BMI (> 23 kg/m2); and having mild, moderate, moderately severe, and severe depression.
Conclusions: Smoking, BMI, and depression were associated with GERD. To reduce this risk among female nurses,
intervention strategies are required to help nurses maintain a normal weight and manage their depression.
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Background
Gastroesophageal reflux disease (GERD) occurs when the
lower esophageal sphincter relaxes inappropriately, thereby
permitting gastric acid to enter the distal esophagus. The
most common symptoms associated with GERD are heart-
burn and acid regurgitation [1]. GERD is a chronic disease
that tends to relapse and cause extra-esophageal complica-
tions, including aspiration pneumonia, reflux-induced
asthma, reflux cough syndrome, and laryngitis [2]. GERD
can also lead to esophageal complications such as erosive
esophagitis, bleeding and peptic strictures, and chronic
GERD increases the risk of Barrett’s esophagus, which can
progress to esophageal cancer [2, 3]. Persistent GERD
symptoms may also lead to sleep deprivation, lower quality
of life, and decreased work productivity [4–6]. In fact, more
than 50% of GERD patients experience heartburn when
awake [7], and nighttime reflux causes sleep disorders [4].
Therefore, it is important to diagnose and treat GERD
before it progresses.
In South Korea, the prevalence of GERD was 7.1% in
2012 among adults aged 20–69 years [8]. Furthermore,
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the number of patients diagnosed with GERD increased,
from 1.99 million in 2008 to 3.36 million in 2012 (an in-
crease of about 69%). Over that same period, the total
medical costs related to GERD increased by 50.2% [9].
Women are inordinately represented in this population:
female patients with GERD account for as much as
60.3% of adult patients aged less than 65 years [10], and
during pregnancy, GERD is reported by 40–85% of
women [11]. Women also tend to have a higher fre-
quency of GERD symptoms and lower quality of life
when compared to male patients with GERD [1].
Besides sex, the known risk factors of GERD include
age, medication use [12–15], lack of physical exercise,
increased psychological stress, low or high body mass
index (BMI), unhealthy eating habits, increased alcohol
consumption, and cigarette smoking [14, 15]. Further-
more, frequent night-shift workers were 1.38 times more
likely to develop GERD [16].
Women constitute 97% of the nursing workforce in
South Korea, of which the majority are of reproductive
age (20–45 years) according to statistical data of license
information system in 2016 [17]. Fixed-shift nurses are
rare in Korea, with most nurses experiencing rotating
shifts on a regular basis, including night shifts. Nurses
on rotating shifts with frequent night duties tend to have
poor sleep quality, which leads to a lack of physical ac-
tivity, and higher BMI and poor eating habits [18]. Fre-
quent night work can have a number of other adverse
physical and mental health consequences for nurses
[19], such as the high prevalence of binge eating found
among Korean nurses [20]. Given their night-shift du-
ties, and its association with other health problems, Ko-
rean nurses may have a higher risk of developing GERD.
However, the prevalence of GERD, and the impact of ro-
tating night-shifts, health behaviors in response to
stressful work factors (e.g., irregular diet, smoking, alco-
hol intake, etc.), BMI, and depressive mood on GERD,
have not been fully explored in previous studies.
Purpose
We investigated GERD-related factors among nurses of
reproductive age, including general characteristics,
health-related factors, and physical and psychological
factors, based on data collected by the Korean Nurses’
Health Study (KNHS). The results of this study can sug-
gest future directions in the promotion of nurses’ health
and boost efforts to reduce the prevalence of GERD in
this group. We had the following objectives:
(1) To identify the prevalence of GERD in Korean nurses
of reproductive age.
(2) To identify the risk factors (including demographic
characteristics, lifestyle behaviors, and psychological
factors) associated with GERD in this population.
Methods
Study design and sample
The KNHS is the first large-scale time-series cohort
study of reproductive-aged women in South Korea.
Nurses between 20 and 45 years of age were invited to
complete a health survey with protocols and question-
naires quasi-identical to those of the Nurses’ Health
Study III in the US. The KNHS was conducted between
March 2013 and December 2015 (spanning 3 years) as a
web-based questionnaire survey. In the KNHS, each par-
ticipant was required to complete four time-series online
questionnaires (Modules 1–4) consisting of the initial
questionnaire and three follow-up questionnaires, deliv-
ered in 6-month intervals. The study design and proto-
col have been described elsewhere [21].
This study was conducted to identify variables influen-
cing GERD among registered nurses. Of the 20,613
nurses aged 20–45 years who participated in the KNHS
Module 1 between July 1, 2013 and November 11, 2014,
a total of 3151 (15.3%) had been diagnosed with GERD by
a physician, of which 1184 (5.7%) were diagnosed within 1
year prior to the survey. To meet the inclusion criteria,
the registered nurses had to work in hospitals on a
full-time, part-time, or contract basis. The study received
institutional review board approval (# 2013-03CON-03-P)
from the Korea Centers for Disease Control and Preven-
tion. All nurses signed an electronic written consent be-
fore completing the online questionnaire; their anonymity
and confidentiality were guaranteed. As the survey was
conducted online and respondents were required to an-
swer all questions to be able to continue to the next page,
there were no missing data for the respondents included
in analysis.
Measures
The research data were obtained by analyzing the re-
sponses collected from participants in the KNHS Mod-
ule 1. To extract the variables influencing nurses’ GERD,
we analyzed the raw data in the factor clusters of demo-
graphic characteristics (age, education status, marital
status, annual income, and shift work), lifestyle factors
(cigarette smoking and alcohol consumption, BMI), and
psychological factors (depression and stress). Shift work
was included among the demographic variables because
it is a characteristic of nurses’ working routine, and thus
necessitates adjustment for the participation of women
of reproductive age. This is especially important because
an association has been found between shift work and
GERD [16].
The questionnaire items of the KNHS Module 1, includ-
ing demographic characteristics, health behavior, illness,
medication, family history, pregnancy, mood, employment,
occupational exposures, and subjective health perception,
were quasi-identical to those of the Nurses’ Health Study
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III conducted in the US. However, some items were ad-
justed and supplemented after consultation with an expert
panel to enable adaptation to the Korean context. The ori-
ginal version of the questionnaire was translated into
Korean and then back-translated into English.
BMI was determined by participants’ reported height
in meters and weight in kilograms, and was categorized
as low (underweight [< 18.5 kg/m2] vs. normal [≥18.5 to
< 23 kg/m2]) or high (overweight [≥23 to < 25 kg/m2] vs.
normal) based on previously published criteria [22].
Depression was measured by the Patient Health
Questionnaire-9, a self-reported brief depression assess-
ment tool developed to determine depression levels based
on the Fourth Edition of the Diagnostic and Statistical
Manual of Mental Disorders [23]. It comprises 9 items
rated on a 4-point Likert scale: not at all (0), several days
(1), more than half the days (2), and nearly every day (3).
Total scores range from 0 to 27, and higher scores indicate
higher depression levels. A score of zero means no depres-
sion, and depression is categorized as minimal (1–4), mild
(5–9), moderate (10–14), moderately severe (15–19), and
severe depression (20–27). However, for the present ana-
lysis, the 0 and 1–4 ranges were grouped together to form
a range of 0–4 because a score of zero was not observed in
any of the questionnaires analyzed. The Cronbach’s alpha
was .90 in our study, which was similar to that observed in
the original study (.87) [24].
Stress level was measured using the Perceived Stress
Scale-4, which consists of 4 items measured on a 5-point
scale (0 = never to 4 = very often) [25]. The total score
ranges from 0 to 16, with higher scores indicating higher
stress levels. The Cronbach’s alpha in the initial study
was .72 and .50 for our study.
Data analysis
The data were analyzed using SPSS Statistics 22.0. The
demographic variables, including shift work, were
matched to ensure no differences in frequency between
participants diagnosed with GERD within 1 year prior to
the survey (n = 1184) and non-GERD participants. Dif-
ferences between the GERD and non-GERD groups re-
garding demographic characteristics, lifestyle factors,
and psychological factors, were analyzed through the
chi-square test and t-test. To reduce bias from distorted
samples between GERD and non-GERD groups [26], the
1:1 propensity score matching (PSM) method was
Table 1 Demographic characteristics of GERD and non-GERD groups after propensity score matching n(%)
Variables GERD
(n = 1184)
Non-GERD
(n = 1184)
Total
(N = 2368)
t/χ2 p-value
Age (years)
≤ 29 433 (36.6) 426 (36.0) 859 (36.3) .11 .949
30–39 505 (42.6) 512 (43.2) 1017 (42.9)
≥ 40 246 (20.8) 246 (20.8) 492 (20.8)
Educational status
3-year college 533 (45.0) 506 (42.7) 1039 (43.9) 1.28 .528
4-year college 538 (45.5) 558 (47.1) 1096 (46.3)
Master’s degree or higher 113 (9.5) 120 (10.2) 233 (9.8)
Marital status
Single 732 (61.8) 728 (61.5) 1460 (61.7) .03 .986
Married 443 (37.4) 447 (37.7) 890 (37.5)
Divorced or widowed 9 (.8) 9 (.8) 18 (.8)
Annual income (USD)
≤ 20,000 35 (3.0) 24 (2.0) 59 (2.5) 3.29 .511
20,000–29,999 445 (37.6) 440 (37.2) 885 (37.3)
30,000–39,999 439 (37.1) 436 (36.8) 875 (37.0)
40,000–49,999 158 (13.3) 178 (15.0) 336 (14.2)
≥ 50,000 107 (9.0) 106 (9.0) 213 (9.0)
Work schedule
Non-rotating (no night shift) 368 (31.1) 350 (29.6) 718 (30.3) .65 .421
Rotating with night shift 816 (68.9) 834 (70.4) 1650 (69.7)
Note: GERD gastroesophageal reflux disease
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employed, after controlling for demographic variables
(including shift work). This was followed by multivariate
ordinal logistic regression analysis to examine the factors
influencing GERD.
To identify the factors associated with GERD, demo-
graphic characteristics, lifestyle factors, and psycho-
logical factors were used as independent variables in the
following three models. Analysis of odds ratios was done
to find the factors influencing reflux esophagitis.
 Model 1: demographic characteristics (age, educational
status, marital status, annual income, and shift work).
 Model 2: demographic characteristic (age, educational
status, marital status, annual income, and shift work)
plus lifestyle factors (cigarette smoking, alcohol
consumption, and BMI).
 Model 3: demographic characteristic (age, educational
status, marital status, annual income, and shift work),
plus lifestyle factors (cigarette smoking, alcohol
consumption, and BMI), plus psychological factors
(depression and stress).
Results
Sample characteristics
The demographic and shiftwork characteristics of the
sample after PSM are shown in Table 1. Roughly 43% of
the respondents were in their 30s, while 36% were in their
20s. More than half (62%) were non-married and 69%
worked rotating schedules that included night shifts.
The variables that exhibited significant differences ac-
cording to GERD status were cigarette smoking, BMI,
and depression (Table 2). A statistically significant differ-
ence was also shown in stress levels between the GERD
(M = 6.65, SD = 2.35) and non-GERD groups (M = 6.35,
SD = 2.40; p = .002).
Factors associated with GERD
Results of the odds ratio analyses are presented in
Table 3 for the three models compared, which found
that model 3 was most significant and the odds of GERD
were higher among former smokers than among
non-smokers. Furthermore, these odds among under-
weight and overweight participants were higher than
were those among participants with a normal BMI. Fi-
nally, the odds of GERD among participants with mild,
moderate, moderately severe, and severe depression were
higher than were those among participants with minimal
depression.
Discussion
In this study, the estimated prevalence of GERD diag-
nosed within 1 year prior to the survey among nurses
aged 24–45 years was 5.7%. This is slightly higher than
Table 2 Distribution of risk factors among GERD and non-GERD groups after matching n (%)
Variables GERD
(n = 1184)
Non-GERD
(n = 1184)
Total
(N = 2368)
t/χ2 p-value
Cigarette smoking
Non-smoker 1128 (95.2) 1157 (97.7) 2285 (96.5) 10.56 .005
Former smoker 40 (3.4) 20 (1.7) 60 (2.5)
Current smoker 16 (1.4) 7 (0.6) 23 (1.0)
Alcohol consumption
Non-drinker 112 (9.5) 126 (10.6) 238 (10.1) 1.72 .633
Less than 1/month 598 (50.5) 608 (51.4) 1206 (50.9)
2–4/month 339 (28.6) 316 (26.7) 655 (27.7)
More than 2/week 135 (11.4) 134 (11.3) 269 (11.3)
BMI
Normal 731 (61.7) 810 (68.4) 1541 (65.1) 11.69 .003
Underweight 218 (18.4) 176 (14.9) 394 (16.6)
Overweight 235 (19.9) 198 (16.7) 433 (18.3)
Depression
Minimal 340 (28.8) 440 (37.2) 780 (32.9) 30.12 <.001
Mild 448 (37.8) 453 (38.3) 901 (38.1)
Moderate 224 (18.9) 177 (14.9) 401 (16.9)
Moderately severe 121 (10.2) 80 (6.8) 201 (8.5)
Severe 51 (4.3) 34 (2.8) 85 (3.6)
Note: BMI body mass index
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Table 3 Odds ratio and 95% confidence interval for GERD in the multivariate ordinal logistic regression (N = 2368)
Variables Model 1 Model 2 Model 3
OR (95%CI) OR (95%CI) OR (95%CI)
Age (years)
29≥ Ref Ref Ref
30–39 1.02(0.83–1.25) 1.02(0.83–1.26) 1.05(0.85–1.30)
40≤ 1.04(0.76–1.42) 1.06(0.77–1.45) 1.17(0.85–1.61)
Educational status
3-year college Ref Ref Ref
4-year college 0.92(0.77–1.09) 0.93(0.77–1.11) .93(0.78–1.12)
Master’s degree or higher 0.88(0.63–1.23) 0.90(0.65–1.26) .91(0.65–1.27)
Marital status
Single Ref Ref Ref
Married 0.99(0.80–1.22) 0.98(0.79–1.22) 1.04(0.84–1.30)
Divorced or widowed 0.96(0.37–2.50) 1.03(0.39–2.69) 1.05(0.40–2.76)
Annual income (USD)
20,000≥ Ref Ref Ref
20,000–29,999 0.69(0.41–1.19) 0.70(0.41–1.21) 0.76(0.44–1.31)
30,000–39,999 0.70(0.41–1.21) 0.71(0.41–1.22) 0.76(0.44–1.32)
40,000–49,999 0.63(0.35–1.12) 0.63(0.35–1.12) 0.68(0.38–1.23)
50,000≤ 0.71(0.38–1.32) 0.72(0.38–1.34) 0.79(0.42–1.48)
Shift work
No Ref Ref Ref
Yes 0.92(0.76–1.11) 0.92(0.76–1.11) 0.87(0.72–1.06)
Cigarette smoking
Non-smoker Ref Ref
Former smoker 1.93*(1.12–3.35) 1.89* (1.08–3.28)
Current smoker 2.31 (0.94–5.66) 2.01(0.82–4.98)
Alcohol consumption
Non-drinker Ref Ref
Below 1/month 1.11(0.84–1.48) 1.11(0.84–1.48)
2–4/month 1.23(0.91–1.66) 1.25(0.92–1.69)
Over 2/week 1.11(0.78–1.58) 1.11(0.78–1.58)
BMI
Normal Ref Ref
Underweight 1.38**(1.10–1.73) 1.38**(1.10–1.74)
Overweight 1.31*(1.06–1.64) 1.32*(1.06–1.64)
Depression
Minimal Ref
Mild 1.33**(1.08–1.63)
Moderate 1.67**(1.28–2.17)
Moderately severe 1.97**(1.39–2.80)
Severe 1.97**(1.19–3.26)
Stress 1.01(0.97–1.05)
Nagelkerke R2 0.003 0.016 0.033
χ2/df 1.597/8 10.229/8 6.802/8
Note: OR odds ratio, CI confidence interval, BMI body mass index, *p < .05; **p < .01
Model 1: demographic characteristics (age, sex, educational status, marital status, annual income, shift work); Model 2: demographic characteristics and
lifestyle factors (cigarette smoking, alcohol consumption, and BMI); Model 3: demographics, lifestyle factors, and psychological factors
(depression, stress)
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the reported rate of 4.8% among Korean women in 2007
[27], In the general Korean population aged 20–69 years,
the prevalence of GERD was reported as 7.1% in 2012,
although it did not differentiate rates by gender [8]. Our
finding is also similar to the rate (5.2–8.5%) across East
Asia in general over the past decade (2005–2015), as
found in a systematic review [28].
The factors found to be independently associated with
GERD were cigarette smoking history, being underweight
or overweight, and having depression. Interestingly, for
smoking history, we found a statistically significant associ-
ation for former smoking, but no association for current
smoking or never smoking. These results might be partly
due to the small number of current smokers (1.4%) in our
study sample. Several epidemiologic studies have similarly
reported that cigarette smoking (i.e., at least one pack per
day or habitual smoking) is a risk factor for GERD in East
Asian populations [12–15, 28]. Furthermore, this study
found that former smokers (n = 40, 3.4%) had a signifi-
cantly higher risk of GERD compared to those who never
smoked (n = 1128, 95.2%). While former smoking in
women should be an important consideration, future
studies need to further explore the role of current smok-
ing in GERD among reproductive women.
The results concerning alcohol drinking in our study
conflict with those of previous studies. In our study,
roughly half of respondents reported drinking less than
once per month, and alcohol consumption was not asso-
ciated with GERD prevalence. In contrast, previous stud-
ies identified that a drinking frequency of at least once a
week within the past year was a risk factor for GERD
[13, 14]. This should be clarified in further prospective
studies.
Obesity has previously been found to be a strong risk
factor for GERD [29]; however, limited evidence exists
for Asian populations, possibly because of the relatively
smaller variance in BMI among members of the Asian
population compared to among Western populations.
The distribution of BMI categories in our sample of
Korean nurses was as follows: normal (61.7%), over-
weight (19.8%), and underweight (18.4%). We found that
both underweight and overweight were associated with
higher odds of GERD, with underweight having a more
substantial influence than overweight. Previous studies
also identified BMI as an important factor for GERD
prevalence among Japanese participants. However, be-
cause these studies targeted both sexes, the differences
in prevalence were not as high as those in our study,
given that women have a lower BMI increase rate than
men [30]. The prevalence of underweight was generally
high in our sample, possibly because it included only fe-
male nurses, People may become underweight after de-
veloping GERD because it limits food consumption or
cause loss of appetite. In contrast, the observed
association with overweight might be due to weight gain:
even moderate weight gain among persons of normal
weight can cause or exacerbate reflux symptoms [31].
Unfortunately, the cross-sectional nature of our study
prevents us from clarifying these potential causal
associations.
We found that the odds of GERD increased with in-
creasing levels of self-reported depression. Past studies
have indicated that GERD causes depression [32] and
that depression is associated with an increased risk of
GERD [33]. One Chinese study found that patients with
GERD often exhibit depression, and that those with se-
vere depression tend to require intensive GERD treat-
ment [34]. These findings are consistent with those of
our study. Again, although our study could not infer a
causal relationship because of its cross-sectional nature,
our findings suggest a potential link between depression
and GERD risk among Korean women.
Our study has several strengths. First, the sample was
large (N = 20,613), which allowed us to identify more
than 1100 nurses who had been diagnosed with GERD
within the year prior to the study. Second, registered
nurses tend to report medication use and history of dis-
ease with higher accuracy than do the general popula-
tion, which may support higher accuracy of our data.
As for study limitations, we failed to control for all
relevant variables, such as the type and quantity of in-
take of food (e.g., coffee, instant foods), and did not have
access to participants’ medical records. These failures
are a result of the limitations of collecting data through
national surveys. Also, a self-reported questionnaire was
used to obtain disease diagnosis.
Based on these limitations, we recommend that the
following be considered in future research:
 The results of blood tests and endoscopies are
encouraged to improve the accuracy of disease
diagnosis in GERD studies.
 Continuous follow-up of the interplay among lifestyle
factors, depressive mood, and GERD changes until and
beyond middle age would be beneficial, as GERD risk
has been reported to be associated with middle-age in
Koreans [35].
Conclusions
Our investigation of factors associated with GERD
prevalence among nurses of reproductive age revealed
that a history of past smoking, being underweight and
overweight, and depression status are risk factors for
GERD. These findings highlight that, to lower GERD
prevalence among women of reproductive age, it is ne-
cessary to develop measures to monitor former smokers,
and to assist overweight and underweight women in
achieving and maintaining a normal weight.
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Furthermore, the identified factors should be considered
during the assessment of GERD symptoms.
The findings also have implications for maternal
health. Around 5.7% of women of reproductive age re-
ported being diagnosed with GERD in the past year, and
their symptoms are likely to worsen during pregnancy.
Accordingly, more comprehensive studies on the health
of working young women and proactive management of
GERD before pregnancy are needed. Accessible pro-
grams within the workplace that can aid weight manage-
ment and alleviate depressive mood are needed, as are
further prospective studies on not only nurses, but also
a more diverse population of young working women.
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